Age polyethism in a social insect colony occurs when individuals of different ages perform different tasks. In termites (Isoptera), it has mostly been reported in higher termites, but elements of age polyethism were recently found in juvenile colonies of a lower termite, Coptotermes formosanus Shiraki (Rhinotermitidae). The objective of this study was to compare age polyethism in immature colonies (10-mo-old) of C. formosanus to the age polyethism observed in juvenile colonies (4-yr-old), to investigate if age polyethism emerges as soon as old workers are present, or if it emerges later on, as the colony grows and ages. Age polyethism may be displayed with different patterns in immature colonies of C. formosanus when compared with juvenile colonies, owing to a difference of environmental condition within the nest, i.e., demographics and colony size. Ten-month-old colonies were observed in planar arenas and termite activities were recorded using camcorders. Larval and worker instars were determined by measuring their head width and the occurrence of behaviors was compared with behavioral data previously obtained from 4-yr-old colonies. Workers were the major workforce in both the 10-moold and 4-yr-old colonies. Age polyethism was minimal in 10-mo-old colonies, but was more extensive and complex in 4-yr-old colonies. Therefore, age polyethism emerges in C. formosanus as the colony matures, and may recapitulate the transition from a one-piece colony type to an extended nest colony type, with changing conditions inside the nest as the colony grows.
Division of labor is one of the defining characteristics of eusociality (Wilson 1971) , and contributes to the success of social insects. This division of labor enhances the colony efficiency (Oster and Wilson 1978) . Age polyethism is the division of labor based on the age of colony members (Wilson 1971) , and has been widely studied in social Hymenoptera (Wilson 1976 , Seeley 1982 , Fresneau and Dupuy 1988 , Seeley and Kolmes 1991 , O'Donnell 1998 . Age polyethism was also documented in some higher termites (McMahan 1977 , Watson and McMahan 1978 , Jones 1980 , Badertscher et al. 1983 , Hinze and Leuthold 1999 . However, studies on lower termites, such as Cryptotermes cavifrons Banks, Zootermopsis angusticollis (Hagen), and Reticulitermes fukienensis Light, have found no evidence of age polyethism among them (Rosengaus and Traniello 1993 , Crosland et al. 1997 , Crosland et al. 2004 .
Coptotermes formosanus Shiraki (Isoptera: Rhinotermitidae) is an invasive pest species in many parts of the world , Chouvenc et al. 2016 , and causes substantially economic loss to homeowners worldwide (Rust and Su 2012) . The genus Coptotermes belongs to the lower termites owing to the presence of symbiotic protozoa in its gut, but is phylogenetically derived within the lower termites (Bourguignon et al. 2015) , and possesses many higher termite-like characteristics (Noirot and Pasteels 1987 , Eggleton 2006 , Chouvenc and Su 2014 . Several studies have indicated elements of age polyethism in C. formosanus. Yang et al. (2009) demonstrated a positive correlation between excavation time and the age of workers of C. formosanus. A detailed observation of social interaction in juvenile colonies (4-yr-old) of C. formosanus suggested the presence of age polyethism (Du et al. 2016a ). Age polyethism is related with the heterogeneous distribution of castes/instars and behaviors, with younger workers usually staying within the central nest while older workers forage out, as reported in ants (Wilson 1976 ) and honey bees (Seeley 1982) . The heterogeneous distribution of castes/instars and behaviors was also reported in C. formosanus (Du et al. 2016b) , supporting the idea that Coptotermes may represent an evolutionary transition between lower and higher termites (Chouvenc and Su 2014) . The study of age polyethism in C. formosanus may provide explanations for the success of this species, as age polyethism can enhance the task performance efficiency of a colony, and ultimately its fitness (Oster and Wilson 1978 ).
An insect society is a plastic system, and the division of labor changes with the internal dynamics of the colony and its surrounding environment, such as colony size, caste and instar demography, food availability, and competition (Robinson 1992) . For example, colony size determines the existence of age polyethism in the ant Rhytidoponera metallica (Smith) (Thomas and Elgar 2003) . In C. formosanus, the number of individuals increases as the colony develops (Chouvenc and Su 2014) , from a mated pair (incipient colony), to an immature colony (8-26 mo), a juvenile colony (2-5 yr), and a fully sexually mature colony (5þ yr). Based on a preliminary observation (Du H. Personal Observation) , when 10-mo-old colonies were introduced into planar arenas, all the individuals stayed in a confined area and did not forage for other food sources. This differs from 4-yr-old colonies that expand their foraging range under the same conditions (Kakkar 2015 , Du et al. 2016a ). Based on differences in colony size and spatial distribution of individuals between immature and juvenile colonies, we hypothesize that workers in immature colonies of C. formosanus would exhibit a different expression of age polyethism than workers from juvenile colonies.
The objective of this study was to investigate age polyethism of immature colonies of C. formosanus in comparison with that of juvenile colonies previously reported in Du et al. (2016a) , and to determine if the emergence of age polyethism is colony-age dependent.
Materials and Methods

Planar Arenas
The planar arena modified from Chouvenc et al. (2011) used for immature colonies (10-mo-old; Fig. 1 ) was composed of two pieces of Plexiglas sheets (30 by 30 cm), separated in the center by a disc (2.4 cm in diameter, 1.5 mm in thickness) and at the four edges by a square frame (inner length: 30 cm, outer length: 25 cm, thickness: 1.5 mm) of Plexiglas laminates, and secured by 20 bolts (2.5 cm in length, 4.4 mm in diameter) through the edges and one bolt at the center. Four access holes (9.5 mm in diameter), which were used for introduction of termites, sand, or water into the planar arena, were drilled at the corners of the upper Plexiglas sheet only. The square frame and round disc provided the planar arena with a constant 1.5-mm internal gap between the Plexiglas sheets. Two wooden pieces (Picea sp.; 7 by 4 by 1.5 mm) were hot-glued at the opposite corners of the planar arena at a distance of 2 cm from the Plexiglas laminate frame.
The planar arena was then filled with sand (150-500-lm sieve), washed with deionized water, and then heated at 100 C for a minimum of 48 h. The planar arena was then moistened by dripping deionized water through the access holes. One access hole was used for the introduction of termites into the planar arena. The access holes were covered by taping discs made of Plexiglas laminates (2.4 cm in diameter, 1.5 mm in thickness) when they were not being used.
Source Colonies
Immature colonies were initiated from C. formosanus alates collected with a light trap during the swarming season in Hollywood, Broward County, FL, in June 2014. These alates were paired for mating and placed into clear polystyrene vials (2.8 cm diameter by 8.1 cm high), which contained topsoil (1 cm height), six short wooden sticks (Picea sp.; 0.6 by 0.6 by 5 cm), and agar (25 ml, 3%; Higa 1981, Chouvenc and Su 2014) , and covered with a perforated lid for air entry. The vials with incipient colonies (n ¼ 10) were kept in a covered plastic box (16 by 40 by 16 cm; Really Useful Boxes Inc., Elk Grove Village, IL) with wet paper towels for 10 mo at 29 6 1 C.
Introduction of Termites Into the Planar Arena
A hole (0.64 cm in diameter) was drilled into the bottom of the vial housing each 10-mo-old colony. The vial was then mounted on top of the arena access hole with the plastic wire inserted through the hole at the bottom of the vial to establish a connection from the vial to the arena. After workers had tunneled into the planar arena and found the wooden piece nearby, the lid of the vial was opened to facilitate the evaporation of water within the vial to force the colony in the moist arena. The entire colony entered into the planar arena after 3 d. The vial was removed from the planar arena, and the access hole was blocked by taping over it with a disc made of Plexiglas laminate (2.4 cm in diameter, 1.5 mm in thickness). There were three replicates (colonies), with each colony in a separate planar arena.
Recording Behavior
Observations commenced 2 d after all the colony members entered into the planar arena. Because of the small colony size (<200 individuals) of the 10-mo-old colonies, after the workers tunneled around one wooden piece, all colony members stayed in the resulting gallery and ceased foraging. None of the workers in any of the three replicates tunneled to the other wooden piece. Thus, the observations were confined to one wooden piece for the 10-mo-old colonies.
A grid of 25 by 25 squares (1 by 1 cm) with coordinates was printed on a clear plastic sheet and placed on top of the planar arena to identify locations within the planar arena. Two adjacent squares were categorized as a recording unit. One camcorder (HG10 AVCHD High Definition Camcorder, Canon Inc., Tokyo, Japan) was used to record termite activity surrounding the wooden piece in recording units. Each recording unit with termite activity was monitored for 17 min (standard time used in Du et al. (2016a,b) , to allow for comparison). The recording of all recording units were completed within 2.5 h for all colonies, with 6, 6, and 8 recording units captured for the three 10-mo-old colonies. 
Determination of Instar
The planar arena was disassembled after recording. All colony members were collected and preserved in 85% ethanol. The head width of workers and larvae was measured under an Olympus SZX12 stereo microscope, and the instars were determined according to the head width distribution: first-instar larva (L 1 ), second-instar larva (L 2 ), first-instar worker (W 1 ), and second-instar worker or older (W 2þ ). The number of antennal segments also indicates the number of molts each individual undertook (Chouvenc and Su 2014) and was used to confirm the results indicated by head width. Using the range of head width measurements determined for each instar, all individuals in the videos were identified by instars and castes: the queen, the king, eggs, L 1 , L 2 , W 1 , W 2þ , presoldiers, and soldiers. The quality of the video was high enough to make measurements of live termites, using screenshots of the video, and finely measure each individual to identify their instar (Du et al. 2016a ).
Quantification of Behaviors and Ethogram for Immature Colonies
The protocol for the quantification of behaviors was similar to that previously used in juvenile colonies (Du et al. 2016a) , so that the two datasets can be compared. The recordings were reviewed and the instances of the behaviors were counted in each square along with determination of the behavior donor and recipient to caste/instar. If a behavioral event was interrupted for >3 s, it was counted separately. The number of individuals per square was taken by averaging the number of each caste/instar counted from frames taken at the 0, 8, and 16 min marks of the recording.
We assumed that the behavior repertoire in a recording square during 17 min repeated itself within the recording period. The number of behavioral events for each caste/instar in all recording squares was summed to calculate the total number of behavioral events of the colony during 17 min. The behavior frequency for each caste/instar was calculated by dividing the total number of a behavioral event by the total number of events for the caste/instar.
Comparison of Behavioral Events Between Immature and Juvenile Colonies
The data of the 4-yr-old colonies as described in Du et al. (2016a) were used for comparison in this paper. Numbers of individuals in a square were taken by averaging the number of each caste/instar counted at 0:00, 8:00, and 16:00 min of the video clip of the square from the video clips of 4-yr-old colonies, and were used to calculate behavioral events per individual for each instar. Because the number of behavioral events per individual for each instar in one square was not normally distributed, the Kruskal-Wallis test was used to compare the number of behavioral events among different instars of immature or juvenile colonies for each behavior (a ¼ 0.05). The Holm-Bonferroni method was used to control Type I error. Instar was the factor, number of behavioral events per individual was the response variable, and the recoding square was the replicate. The Mann-Whitney U test was used for pairwise comparisons between means after obtaining significant Kruskal-Wallis test results (a ¼ 0.05), with the adjustment of the P-values determined by the Holm-Bonferroni method.
Results
The head width of larvae and workers fell into four discrete ranges in each 10-mo-old colony (Fig. 2) , but antennal segment data revealed that the fourth histogram contained a mixture of second instar and older workers. The individuals in the four ranges were determined as the first-instar larvae (L 1 ), the second-instar larvae (L 2 ), the first-instar worker (W 1 ), or the second-instar or older worker (W 2þ ). The ranges of head width for each instar were similar to those reported in juvenile colonies (Du et al. 2016a ). The average number of each caste and instar for the three 10-mo-old colonies (mean 6 SE) was eggs: 41 6 10; L 1 : 23 6 7; L 2 : 24 6 5; W 1 : 49 6 16; W 2þ : 32 6 3; soldiers: 11 6 2; one queen; and one king. There were no presoldiers in any of the three 10-mo-old colonies.
Ethogram for the Immature Colonies
The description of all behaviors recorded is referred to in Du et al. (2016a) . One behavior was observed when workers stopped at the gallery and lowered down their heads toward the floor of the planar arena. The workers maintained the posture from several seconds to several minutes, while swiping the floor with the antennae. Finally, the head was suddenly released upward. This behavior was termed "floor plucking" (Du et al. 2016a ).
An ethogram of 10-mo-old colonies summarizing behavioral frequencies for each caste/instar (Table 1) shows large disparity in activity among castes as previously shown in immature colonies (Du et al. 2016a) , with eggs, larval instars, the king, and the queen being mostly dependent on worker instars or being motionless. In comparison, workers are actively involved in grooming, trophallaxis, nest maintenance, and other behaviors. When focusing on allogroming behaviors (Table 2) , first-instar workers (W 1 ) provided 70.36% of all allogrooming events while being the recipient of only 26.04% of allogrooming events. Trophallaxis behaviors were also displayed differently among worker instars, as old worker instars (W 2þ ) proportionally received more proctodeal food or feces (56.85%) than being donors (25.31%), while all other castes donated more than they received (Table 3) . Conversely, W 2þ proportionally provided more stomodeal feeding (39.57%) than it received (29.86%), and W 1 provided a majority of all stomodeal exchanges (Table 4 ).
Comparison of Behavioral Events Among Different Instars of Immature or Juvenile Colonies
After transforming the data as number of events per individual within the timeframe of the experiment (17 min) in a given square, it was possible to compare how often a caste/instar was involved in a given behavior (Table 5 ). In 10-mo-old colonies, 22 out of the 24 types of analyzed behaviors were performed as often by W 1 and by W 2 . Significant differences between W 1 and W 2þ were found only in two behaviors; W 2þ received more proctodeal food and altered the nest more often than W 1 . In the 4-yr-old colonies, out of the 27 analyzed behaviors (three >10-mo-old colonies, owing to the presence of presoldiers), a total of 10 behaviors were performed differently among W 1 and W 2þ (Table 6 ). Four grooming behaviors were performed significantly more by W 1 than by W 2þ : W 1 groomed L 1 , L 2 , W 1 , and W 2þ more often than W 2þ . Six other behaviors were significantly performed more by W 2þ than by W 1 : W 2þ carried out self-grooming, proctodeal feeding L 2 , nest alteration, and floor plucking more frequently than W 1 . W 2þ also received more grooming and proctodeal food than W 1 . We confirmed that polyethism found in two behaviors out of 24 in immature colonies was significantly less that polyethism found in 10 behaviors out of 27 in juvenile colonies (v 2 ¼ 5.818, dl ¼ 1, P ¼ 0.02)
In 10-mo-old colonies, workers (W 1 or W 2þ ) conducted selfgrooming, allogrooming, stomodeal feeding (except stomodeal feeding L 1 and soldier), and nest maintenance more often than the larvae (L 1 or L 2 ), and were also fed at a higher frequency than those early instars. Larvae (L 1 or L 2 ) stayed motionless more frequently than workers (W 1 or W 2þ ). By contrast, workers (W 1 or W 2þ ) were Fig. 2 . Distribution of head width (ranges in mm) of three 10-mo-old colonies of C. formosanus, in relation to the number of antennal segments (number in parenthesis). L 1 : first-instar larva. L 2 : second-instar larva. W 1 : first-instar worker. W 2þ : second-instar worker. Some individuals displayed >12 antennal segments, implying the presence of W 3 , but for representation, "W 2þ " refers to "second instar and older" because of the overlap of head widths starting with W 2 . groomed and performed proctodeal feeding (donor) at the similar frequency as the larvae (L 1 or L 2 ). In the 4-yr-old colonies, W 1 or W 2þ conducted the following behaviors more often than larvae (L 1 or L 2 ): self-grooming, allogrooming (except grooming the presoldiers), stomodeal feeding (except stomodeal feeding the presoldiers), wood consumption, and nest maintenance. In addition, W 1 or W 2þ also received more proctodeal food than larvae (L 1 or L 2 ). As was observed in the 10-mo-old colonies, larvae (L 1 or L 2 ) stayed motionless more often than workers (W 1 or W 2þ ). No significant difference was recorded for proctodeal feeding the W 1 , soldier and presoldier castes, or for stomodeal feeding the presoldiers between larvae (L 1 or L 2 ) and workers (W 1 or W 2þ ). Du et al. (2016a) previously showed some level of age polyethism in 4-yr-old colonies of C. formosanus. While no given behavior was performed exclusively by a single age group, as sometimes observed in social Hymenoptera (Seeley 1982 , Wilson 1976 ), many tasks were proportionally performed more often by one age group than another (W 1 vs. W 2þ ). Differences in the behaviors of first-and second-instar workers provided additional evidence of elements of age polyethism in 4-yr-old colonies. For example, in 4-yr-old colonies, young workers performed most allogrooming behaviors, whereas old workers received proctodeal food and conducted self-grooming and nest alteration more often than young workers. In contrast, in the 10-mo-old colonies, age polyethism was rarely observed in workers. All the behaviors, except for two (receiving proctodeal food and nest alteration, which were more likely to be carried out by W 2þ ), were performed at similar frequencies by both W 1 and W 2þ. This result was a striking difference to the task division observed in 4-yr-old colonies where 10 types of behaviors were proportionally performed more by one of the two worker instars. Our study also confirmed that larvae, soldiers, king, and queen were dependent castes. W 1 and W 2þ were the major workforce in both the 10-mo-old and 4-yr-old colonies, as they performed most of the grooming, stomodeal feeding, and nest maintenance inside the colony. Age polyethism is related to the heterogeneous distribution of castes/instars and their behaviors inside a colony, which in turn is relevant to the task-performance efficiency of the colony (Hö lldobler and Wilson 1990) . Such distribution can be colony-size dependent. Colony size can influence the division of labor among its members in ants (Holbrook et al. 2011 (Holbrook et al. , 2013 Ferguson-Gow et al. 2014; Tschinkel 1988) , and this may also be true in C. formosanus, as heterogeneous distribution of castes and behaviors was reported in 4-yr-old colonies of C. formosanus (Du et al. submitted) . Fouryear-old colonies had >1,000 termites, while 10-mo-old colonies had <200 individuals. The small size of the 10-mo-old colonies may be one of the factors accounting for the lack of age polyethism in workers. One of the primary consequences of the difference of colony size is the tunneling effort provided by the colony to reach optimal tunnel volume (Su and Lee 2009) . In small colonies (10-moold), the sand displaced by workers during colony introduction in the arena was limited to a small area, whereas older colonies (4-yrold) excavated throughout the arena and reached secondary feeding sites. When the 10-mo-old colonies were introduced into the planar arena, all the colony members stayed in the vicinity of a wooden piece and never traveled to the other wooden piece provided. Without the distribution of tasks in different areas of nest, the need for complex age polyethism may be minimal in C. formosanus immature colonies. Table 5 . Comparison of number of behavioral events per individual (mean 6 SE) among instars in 10-mo-old colonies of C. formosanus using Kruskal-Wallis test (a ¼ 0.05)
Discussion
Grooming Self-grooming 0 6 0 (n ¼ 22) a a 06 0 (n ¼ 30) a a 0.28 6 0.09 (n ¼ 37)b 0.98 6 0.27 (n ¼ 39)b 42.35 P < 0.0001* Grooming L 1 0 6 0 (n ¼ 22) a a 06 0 (n ¼ 22) a a 1.26 6 0.49 (n ¼ 22)b 0.65 6 0.23 (n ¼ 22)b 43.68 P < 0.0001* Grooming L 2 0 6 0 (n ¼ 22)a 0.03 6 0.03 (n ¼ 30)a 0.63 6 0.16 (n ¼ 30)b 0.93 6 0.39 (n ¼ 30)b 43.23 P < 0.0001* Grooming W 1 0 6 0 (n ¼ 22)a 0.01 6 0.01 (n ¼ 30)a 0.90 6 0.15 (n ¼ 37)b 0.76 6 0.16 (n ¼ 37)b 47.08 P < 0.0001* Grooming W 2þ 0 6 0 (n ¼ 22) a a 06 0 (n ¼ 30) a a 0.68 6 0.15 (n ¼ 37)b 1.19 6 0.23 (n ¼ 39)b 50.57 P < 0.0001* Grooming soldier 0 6 0 (n ¼ 17) a a 06 0 (n ¼ 24) a a 0.34 6 0.12 (n ¼ 27)b 0.33 6 0.12 (n ¼ 28)b 20.60 P ¼ 0.0001* Being groomed 1.98 6 0.63 (n ¼ 22)a 1.37 6 0.24 (n ¼ 30)a 1.30 6 0.18 (n ¼ 37)a 2.94 6 0.56 (n ¼ 39)a 3.70 P ¼ 0.3 Feeding
Proctodeally feeding L 1 0 6 0 (n ¼ 22) a a 06 0 (n ¼ 22) a a 0.07 6 0.07 (n ¼ 22)a 0.06 6 0.05 (n ¼ 22)a 4.30 P ¼ 0.2 Proctodeally feeding L 2 0 6 0 (n ¼ 22) a a 0.01 6 0.01 (n ¼ 30)a 0 6 0 (n ¼ 30) a a 0.09 6 0.07 (n ¼ 30)a 5.51 P ¼ 0.1 Proctodeally feeding W 1 0.05 6 0.04 (n ¼ 22)a 0.42 6 0.14 (n ¼ 30)a 0.30 6 0.11 (n ¼ 37)a 0.31 6 0.10 (n ¼ 37)a 6.94 P ¼ 0.07 Proctodeally feeding W 2þ 0.16 6 0.07 (n ¼ 22)a 0.33 6 0.11 (n ¼ 30)a 0.45 6 0.08 (n ¼ 37)a 0.35 6 0.08 (n ¼ 39)a 6.65 P ¼ 0.08 Proctodeally feeding soldier 0 6 0 (n ¼ 17) a a 06 0 (n ¼ 24) a a 06 0 (n ¼ 27) a a 0.04 6 0.04 (n ¼ 28)a 2.43 P ¼ 0.49
Stomodeally feeding L 1 0 6 0 (n ¼ 22) a a 06 0 (n ¼ 22) a a 0.11 6 0.06 (n ¼ 22)a 0.17 6 0.10 (n ¼ 22)a 9.55 P ¼ 0.02 Stomodeally feeding L 2 0 6 0 (n ¼ 22)a 0.02 6 0.01 (n ¼ 30)a 0.19 6 0.06 (n ¼ 30)b 0.32 6 0.11 (n ¼ 30)b 22.45 P ¼ 0.0001* Stomodeally feeding W 1 0 6 0 (n ¼ 22)a 0.01 6 0.01 (n ¼ 30)a 0.71 6 0.11 (n ¼ 37)b 1.11 6 0.28 (n ¼ 37)b 47.05 P < 0.0001* Stomodeally feeding W 2þ 0.01 6 0.01 (n ¼ 22)a 0.01 6 0.01 (n ¼ 30)a 0.54 6 0.11 (n ¼ 37)b 0.74 6 0.16 (n ¼ 39)b 44.32 P < 0.0001* Stomodeally feeding soldier 0 6 0 (n ¼ 17) a a 06 0 (n ¼ 24) a a 0.12 6 0.04 ( The Mann-Whitney U test was used for pairwise comparisons between means after obtaining significant Kruskal-Wallis test results (a ¼ 0.05). P-values were adjusted by Holm-Bonferroni method. L 1 : first-instar larva. L 2 : second-instar larva, W 1 : first-instar worker. W 2þ : second-instar worker or older. Within a row for each behavior, means followed by the same letter are not significantly different (a ¼ 0.05). Values in bold indicate a behavior that was performed significantly more by the given worker instar than the other worker instar.
a Data included tied values.
*Significant Kruskal-Wallis test results (a ¼ 0.05).
Functionally, 10-mo-old colonies of C. formosanus behave and nest like one-piece termites, in which nesting and feeding occur in the same area. The major difference between one-piece termites and separate-piece termites is the distance of food and nest (Abe 1987) . Most studies from one-piece termites, such as Z. angusticollis or Cr. cavifrons (Rosengaus and Traniello 1993, Crosland et al. 2004) , have showed no age polyethism, in contrast with the recording of age polyethism in separate-piece termites, such as Macrotermes subhyalimus (Rambur) (Badertscher et al. 1983 ). However, when C. formosanus colonies grow in size and start to forage further from the nest, the colonies behave like the separate-piece termites, and develop age polyethism. Therefore, the development of age polyethism in a C. formosanus colony may recapitulate the evolution of age polyethism from onepiece nesting to separate-piece nesting termites, as the colony matures.
Foraging over long distances may therefore play an important role in the emergence of age polyethism in termites. Thus, other lower termites that forage away from the nest, for which age polyethism was not investigated yet, may also display some elements of age polyethism.
As compared with other lower termites in which no age polyethism was observed, C. formosanus displayed various degree of age polyethism, with both younger and older workers specializing on certain tasks, although the emergence of age polyethism is gradual and may present a case where behavioral ontogeny within the colony recapitulates the ethogenesis complexity in Isoptera. However, there were still behaviors, such as feeding, both younger and older workers can perform similarly, in contrast with more distinct division of labor in higher termites, such as M. subhyalimus, in which workers <30-d-old processed the food collected by foragers Grooming Self-grooming 0 6 0 (n ¼ 125) a a 0 6 0 (n ¼ 185) a a 0.22 6 0.03 (n ¼ 205)b 0.66 6 0.05 (n 5 236)c 417.55 P < 0.0001* Groom L 1 0 6 0 (n ¼ 125)a 0.002 6 0.001 (n ¼ 122)a 0.38 6 0.08 (n 5 124)b 0.10 6 0.03 (n ¼ 125)c 108.99 P < 0.0001* Groom L 2 0 6 0 (n ¼ 122)a 0.004 6 0.002 (n ¼ 185)a 0.56 6 0.07 (n 5 179)b 0.15 6 0.029 (n ¼ 185)c 198.63 P < 0.0001* Groom W 1 0 6 0 (n ¼ 124)a 0.002 6 0.001 (n ¼ 179)a 0.60 6 0.06 (n 5 205)b 0.21 6 0.02 (n ¼ 205)c 215.73 P < 0.0001* Groom W 2þ 0 6 0 (n ¼ 125)a 0.011 6 0.008 (n ¼ 185)a 1.47 6 0.16 (n 5 205)b 0.62 6 0.05 (n ¼ 236)c 364.09 P < 0.0001* Groom soldier 0 6 0 (n ¼ 115)a 0.002 6 0.002 (n ¼ 175)a 0.42 6 0.08 (n ¼ 192)b 0.28 6 0.03 (n ¼ 215)b 195.81 P < 0.0001* Groom presoldier 0 6 0 (n ¼ 21) a a 0 6 0 (n ¼ 26) a a 0.16 6 0.05 (n ¼ 26)b 0.08 6 0.04 (n ¼ 26)ab 29.83 P < 0.0001* Being groomed 0.60 6 0.10 (n ¼ 125)a 0.68 6 0.07 (n ¼ 185)ab 0.93 6 0.09 (n ¼ 205)b 1.38 6 0.09 (n 5 236)c 61.10 P < 0.0001* Feeding
Proctodeally feed L 1 0 6 0 (n ¼ 125) a a 0 6 0 (n ¼ 122) a a 0.003 6 0.001 (n ¼ 124)ab0.008 6 0.003 (n ¼ 125)b 13.36 P < 0.0001* Proctodeally feed L 2 0.005 6 0.005 (n ¼ 122)a 0.0003 6 0.0003 (n ¼ 185)a0.005 6 0.002 (n ¼ 179)a 0.04 6 0.01 (n 5 185)b 50.60 P < 0.0001* Proctodeally feed W 1 0.10 6 0.04 (n ¼ 124)a 0.10 6 0. Proctodeally feed presoldier 0 6 0 (n ¼ 21) a a 0 6 0 (n ¼ 26) a a 0 6 0 (n ¼ 26) a a 0.005 6 0.005 (n ¼ 26)a 2.81 P ¼ 0.422
Stomodeally feed L 1 0 6 0 (n ¼ 125)a 0.003 6 0.002 (n ¼ 122)a 0.10 6 0.03 ( Nest alteration 0 6 0 (n ¼ 97) a a 0 6 0 (n ¼ 148) a a 0.07 6 0.02 (n ¼ 167)b 0.68 6 0.17 (n 5 198)c 225.74 P < 0.0001* Grooming Plexiglas surface 0 6 0 (n ¼ 125) a a 0 6 0 (n ¼ 185) a a 0.87 6 0.09 (n ¼ 205)b 0.82 6 0.08 (n ¼ 236)b 442.19 P < 0.0001* Floor plucking 0 6 0 (n ¼ 125) a a 0 6 0 (n ¼ 185) a a 0.69 6 0.08 (n ¼ 205)b 1.21 6 0.11 (n 5 236)c 406.77 P < 0.0001* Staying motionless 0.42 6 0.03 (n ¼ 125)a 0.42 6 0.02 (n ¼ 185)a 0.11 6 0.01 (n ¼ 205)b 0.12 6 0.01 (n ¼ 236)b 145.78 P < 0.0001* The Mann-Whitney U test was used for pairwise comparisons between means after obtaining significant Kruska-Wallis test results (a ¼ 0.05). P-values were adjusted by Holm-Bonferroni method. L1: first-instar larva. L2: second-instar larva, W1: first-instar worker. W2þ: second-instar worker or older. Within a row for each behavior, means followed by the same letter are not significantly different (a ¼ 0.05). Values in bold indicate a behavior that was performed significantly more by the given worker instar than the other worker instar a Data included tied values.
*Significant Kruskal-Wallis test results (a ¼ 0.05). (Badertscher et al. 1983) . Age polyethism in C. formosanus is more developed than in other lower termites, but is not as complex than in some more derived, higher termites. This behavioral study therefore confirmed the status of C. formosanus as a transition species from lower termites to higher termites Su 2014, Bourguignon et al. 2015) .
To conclude, we observed a complexification of age polyethism from immature colonies to juvenile colonies. As a C. formosanus colony reaches full sexual maturity, with millions of individuals, and with the emergence of nymphs and alates, we here hypothesize that age polyethism is even more complex in such mature colonies, when compared with immature or juvenile colonies, although developing an experimental protocol to confirm it remains challenging owing to the size of the colony and the limitation in observing large population at all time, as performed in the current study in immature and juvenile colonies.
